Abstract. Thin-walled titanium alloy components with variable curvature are widely used in aerospace. During machining process, chatter is induced frequently because stiffness of the components is low. This paper present a finite element method to analyze modal parameters of thin-walled components with variable curvature. Solidworks and Ansys are used to build solid model, set finite element model and carry out modal analysis. Then, the first 20 order natural frequencies and mode shapes are obtained and analyzed. With simulation results, machining parameters can be optimized to avoid machining chatter, and machining precision will be improved. In addition, the main advantage of the approach is that the modal parameters can be obtained quickly without modal tests.
Introduction
With the continuous development of aerospace technology, a large number of thin-walled structure components are widely used in the area because of its advantages of light weight. Therefore, processing level of thin-walled components has become one of the important symbols to evaluate the aerospace technology level in the world [1] . Generally, thin-walled structure component which is composed of sidewall and the web has the characteristics of complex shape and large dimensions. Thus, the parts have low stiffness and poor processing adaptability. During processing, complex deformation produced and is difficult to be controlled. Then, processing accuracy is difficult to be guaranteed [2] . While the thin-walled components milling process, the milling will produce vibration and other issues, which lead to deterioration of the surface quality of thin-walled components. In order to avoid vibration, the dynamics of milling need to be studied. To proposed methods to restrain vibration, modal analysis must to be researched for the milling system. Song [3] complete modal analysis and obtained the first six order modal vibration mode for thin-walled components with frame structure using ANSYS finite element analysis software. Bai [4] executed free modal analysis for a typical CFFF cantilever structure with ABAQUS software. As a result, the first six modal frequencies of thin-walled components are obtained. Using ANSYS software, Tian [5] analyzed the mode of T shape aluminum alloy thin-walled parts and got the first 20 natural frequencies.
All contributions mentioned above are based on modal analysis of thin-walled components with rectangular section, which are not widely representative in practical engineering applications. In this paper, Solid works is used to build three-dimensional model, and ANSYS is used to analyze the modal parameters including natural frequencies and modes for complex thin-walled components with variable curvature.
Overview of Modal Analysis of Thin-walled Components
Modal is an inherent vibration performance of mechanical system. The dynamic characteristic of mechanical system depends on its modal parameters, such as modal mass, natural frequency, damping coefficient and so on. Modal analysis is mainly made to identify the corresponding modal parameters of the system, and provide the basis for the analysis of vibration characteristics, vibration fault prediction and the optimal design structure for the mechanical system. The essence of modal analysis is a coordinate transformation which can simplify complex actual mechanical system to a corresponding modal model and analyze the vibration response [6] . Mainly because the metal structure has the inherent vibration frequency corresponding to a certain inherent vibration mode, exciting force can be distinguished by the vibration response. Then, the exciting frequency can be controlled to avoid resonance under the vibration mode [7] .
Natural frequency and vibration mode are the two parameters that quantitatively describe the inherent characteristics of the structure. The natural frequency is independent of the size and type of the applied excitation load. Also, the influence of the damping on the natural frequency is negligible. Generally, to modal analysis, vibration frequencies i ω and modes i φ are calculated according to the following equation.
indicates mass matrix.
Finite Element Analysis of Vibration Modes Based on ANSYS Solid Modeling
In this paper, we study the thin-walled material for TC4 titanium alloy, which has high strength, good toughness, small elastic modulus and other comprehensive performance. In aerospace, marine and automotive industries, TC4 titanium alloy is gradually replace the traditional aluminum alloy, and become more and more widely used [8] . Because rigidity of thin-walled components is more lower than workbench and fixture tools, deformation and vibration induced by thin-walled components are the main factors which affect the milling precision. So, in this paper, vibration of the workbench and fixture tools are ignored.
Thin-walled component with variable curvature are selected to be analyzed. The curve surface fit the cubic Bezier curve, and can be described as 
The height of part is 20mm, and the thickness is 1mm. Solid model is set up with Soildworks, and imported into ANSYS with Parasolid common format. The model is shown in Fig. 1 . 
Definition of Workpiece Materials
The material of the thin-walled part with variable curvature is TC4 titanium alloy. Its mechanical and physical properties are elastic modulus GPa E 108 = and Poisson's ratio 33 . 0 = µ .
Finite Element Mesh Generation
Meshing is an important step in the finite element analysis. ANSYS mainly has automatic, tetrahedrons, hex dominant, sweep and Multi-zone meshing method. In this paper, solid95 hexahedron element is selected to divide the geometric model of thin-walled components with adaptive meshing method.
Because that the more dense the mesh is divided, the higher the calculation precision is, the mesh should be divided sufficiently small. Considering that thickness of thin-walled components is 1 mm, a finer mesh is divided, and the result is shown in Fig. 2 . 
Load Solution
According to the actual processing of the clamping situation, the bottom of the workpiece is fixed to ground. Then the bottom of the titanium alloy thin-walled components of is fully constrained. With the constraints, first 20 order natural frequency are solved, and the results are shown in Fig. 3 . Since the value of the vibration is only a relative value (relative displacement). Figure 3 can only reflect the titanium alloy thin wall deformation of the natural frequency rather than the exact value of vibration. Therefore, it is necessary to carry out modal analysis of thin-walled components with variable curvature, and the results are shown in Fig. 4-Fig. 6 . 
Analysis of Results
By the natural frequencies and mode shapes cloud, the following conclusions can be obtained.
(1) The thin-walled component has deformed with different degrees in each mode. Therefore, during the milling process, the variation frequencies of milling force should avoid all natural frequencies and integer multiples of natural frequencies to prevent resonance which also bring machining errors.
(2) From the Fig.3 , it can be seen that the first three frequencies are 3375Hz, 4218Hz, and 4852.3Hz. the 12th and 13th order frequencies are 15249Hz and 17594Hz respectively. Also, the 18th, 19th and 20th order frequencies can be got as 23427Hz, 25814Hz and 26745Hz. By comparing the frequencies, it can be find that frequencies of the first few steps is smaller, and the frequency of the latter is larger. In addition, from the mode cloud, it can be seen that the most deformations occur at both ends of the thin-walled component.
Summary
Finite element method is proposed to analyze modal parameters of thin-walled titanium alloy components with variable curvature. Firstly, solid model is set up with Soildworks and imported into ANSYS with Parasolid common format. Further, finite element simulations are carried out, and the first 20 order natural frequencies and mode shapes are obtained. Also, the simulation results are analyzed. The main advantage of the approach is that the modal parameters can be obtained quickly without modal tests. Simulation results got with the method can be used to forecast machining stability and optimize machining parameters. Thus, chatter will be prevented, and machining precision will be improved.
